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MTIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ADVANCE RESTRICTED REPORT 

EFFECT OF CHANGING THE STROKE ON AIR CAPACITY, 
POWER OUTPUT, AND DETONATION OF A SINGLE-CYLINDER ENGINE 
By James C, Livengood and James V. D. Eppes 


SUMMARY 


For this investigation a npeoial eingle-oylindor test 
engine was constructed with provision for operation with 
three different lengths of piston stroke. The cylinder 
diameter was conr.tant and equal to the Intermediate length 
of piston stroke. The compression ratio and ratio of crank 
radius to connecting rod length wore held oonstant. Per- 
formance tests were made over a wide range f piston speeds 
and inlet pressures. Detonation limits were established for 
increasing inlet pressures. 

It was found that the air capacity and volumetric effi- 
ciency of the engine were independent of the stroke for any 
particular piston speed at any particular inlot pressure 
within the range investigated. This result might bo altered 
if dynamio disturbances develop in the inlet or exhaust systems. 

With the partioular cylinder and operating conditions 
used, and at one fixed piston speed, the engine could be more 
highly superoharged without detonation when the shorter strokes 
were employed. 

The ratio of indicated power output to air oapacity over 
a wide range of air capacities did not show any significant 
differences for the three strokes. 

Brake mean effective pressure at a oonstant inlet press- 
lire was found to be progressively lower with the shorter 
piston strokes for any partioular piston speed within the 
range covered. This is attributed to the greater mechanical 
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friotion losses aooompanying the higher engine revolutions per 
min ute of the shorter strokes. Calculated friotion losses in 
the main journal and orankpin bearings accounted in part for 
the differences noted. 

The difference s in brake mean offootive pressure with the 
three strokes wore found to be substantially independent of the 
inlet pressure when supercharging at one fixed piston speod. 

No differences in pumping losses v<ere noted between the 
three strokes at any piston spoed. 


INTRODUCTION 


Boro-stroko ratio for many years has been a subjeot of 
controversy among engine designers. One of the important 
elements of this controversy has been the question whether two 
engine b of the same cylinder bore, but of differing strokes, 
would have the Eame air capacity, officienoy, powor output, 
and detonation limit when operated under comparable conditions. 

The application of dimensional analysis to engines of 
geometrically similar design, but of differing size, shows 
that the indicated power output would be expected to be pro- 
portional to the square of a characteristic length, provided 
the piston spoed is kept constant. TYhen Buch a result is in- 
terpreted as meaning that the indioated povrer output is pro- 
portional to tho square of the boro, for constant piston speed, 
it must bo remembered that the bore and the stroke bear a 
definite relationship becauso of the geometric similarity. 

For engines in rdiioh geomotrio similarity is not maintained 
booause of a variation in borc-stroko ratio, dimensional 
analysis reveals that the indioatod power output at oonstant 
piston spoed may bo dependent on the boro-stroke ratio as one 
of tho design factors. Since tho influence of bore-Etroke 
ratio on engino performance is not easy to predict on thooret- 
ioal grounds, it is bost determined by experiment. 

In reforonoo 1 a report was mado of a previous investi- 
gation at the VAosachusctts Instituto of Technology of the 
effect of inlet valve design, size, and lift on the volumetric 
efficiency of on engine. In that report it wn.3 shown that, 
with short inlot and exhaust pipes, tho volumetric offioionoy 
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of tho Gngine investigated oould be oppressed as a function of 
the parameter , 

„ piston -speed X piston area ■ . 

inlet air sound volooity X inlet valve oroa*x average valve flow ooofif ioient 


provided other operating conditions and other design ratios wore 
tsjST o on art ant . It may be expected that the volumetrio effioienoy 
of any engine with short inlet and exhaust pipes will likewise bo 
a function of the some parameter, although, not neocsBurlly the 
same funcition. Effects due to inlot and' oxhaust pipes of Various 
longths aro most oonvoniently handled as a separate problem. 

If the length of stroke of an engine is ohanged, the revolu- 
tions por minuto assooiatod with a givon -value of piston spood 
ohanges in inverse proportion. This change introduces a varia- 
tion in tho frequency of the pulsations -which oxlst in tho air 
flow. This varying departure from the conditions of steady flow 
(assumed in tho derivation of tho parameter above) might bo 
suspootod to affooti 

(1) Tho aotual dynamic flow coefficient of tho inlet 

valvo 

(2) The magnitude of the inertia effects in the valvo 

port, cylinder, inlot and exhaust pipes during 
the charging process 

The firct of these possibilities was investigated by Waldron 
(reforenoe 2), who found that dynamic flow coefficients with 
pulsating flow agrood well with tho .steady flow values. Tho 
sooond offoot was shown to bo of negligible importance in tho 
report of Reynolds, Schecter, and Taylor (roferonoe 3), pro- 
vided vory short inlet and exhaust pipos wore used. For those 
reasons it would appear that tho longth of stroke of an ongino 
would not materially offoot the air capacity if tho piston 
speed is kept the same and if large ohangos in the dynamics of 
tho inlot and exhaust gas columns are avoided by using very 
short inlot and oxhaust pipes. 

Tho offoot of ohanging tho length of stroke on combustion 
officionoy is difficult to predict slnco thoro are ohangos in 
the oombustion ohamber else and shape as -troll as in the ongino 
revolutions per minute. 
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With regard to detonation, if the stroke of an engine is 
deoroased and compression ratio kept constant, the size of tho 
combustion chamber is deoreased with tho resulting possibility 
that tho tendenoy to detonate will be deoroased. Tho fact that 
the revolutions per minuto for a givon piston speed is inoreased 
with decreasing stroke may further decrease the likelihood of 
detonation. 

This investigation was carried out in order to provido 
experimental answers to those uncertainties connooted with the 
of foots of ohonging tho length of stroke. Tho spooifio objec- 
tives wore: 

(1) To doto mine the of foot of changing longth of stroke 

on the air capacity, efficiency, and power output 
of a f our-stroko engine 

(2) To determine the effeot of changing length of stroke 

on tho detonation tendencies of the engine 

With such information, engine do signers will be able to 
evaluate the offsets of bore-stroke ratio on performance and 
other oharact eristics of a projootod design. 

This investigation, conducted at the Massachusetts 
Institute of Technology, was sponsored by and conducted with 
tho financial assistance of the National Advisory Committeo 
for Aeronautics. 


DESCRIPTION OP APPARATUS 
Engine 


Tho engine usod in this investigation was specially, 
designed and built to aooommodn-Go a 5.26-inoh-bore, liquid- 
ooolod Lycoming oylindor. Tho cylinder was mounted on a hoavy 
orankoaso. One of three cylinder adaptor plates oould be used 
allowing a oonstant compression ratio of 6 to be maintained 
whon o rank shafts cf different stroke wore installod. The throo 
orankshafts providad strokes of 4.25, 6.26, and 6.25 InohoB, 
and throo oonnooting rods wore usod in order to maintain the 
ratio of crank radius to connecting-rod longth oonstant at 0,25, 
A speoial oamBhoft was driven from on aoooseory shaft by a bevel 
and spur goar train, A schematic diagram of tho ongino setup is 
shown in figure 1, 
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Air Inlot System 

Air supplied, to. t tho. ongine. .was passed through an orifioo 
moter into a large steam- Jaokoted vaporising tank, -where fuol 
■was introduced. The resulting dry fuel-air mixture was thon 
passed through a Bhort inlet pipo to the inlot port of the • 
cylinder. Tho air usod could be taken either from the atmos- 
phere or from a laboratory air line which supplied compressed 
air from whioh praotioally all water vapor had been removed 
by a drying terror containing activated alumina. 


Fuel and Fuol Systom 

Tho fuol usod was takon from tho laboratory storage tank 
of high octane aviation gasoline, oxcopt for tho detonation 
limit dot orninat ions. For those tests a Bupply of 87-ootano 
fuol was obtained and carefully stored in ordor that all dot- 
onation limits could be determined with tho same batch of 
fuol. 


Tho fuol was supplied by a .'mall pressure pump through 
a rotamotor and a manually adjusted ncodlo valvo to a point 
in tho air supply pipo just beforo it entered tho stoam-jaokotod 
vaporizing tank. Tho tank walls vroro heated sufficiently to in- 
sure oomploto ovuperation of tho fuel. 


Exhaust Systom 

Tho exhaust gasos wore pas sod through a short pipo into 
a largo water -jacketed surge tank. From this tank tho exhaust 
gasos pas sod through a throttle valvo into the laboratory 
exhaust systom. 

Cooling Systom 

A oentrifugal pump oiroulatod water through tho cylinder 
ooolant jacket. Sufficient cold water from the oity main was 
added to control the jaoket outlet temperature. Aftor consid- 
orablo difficulty was experienced from oyllndor barrel fatigue, 
whioh was attributed to oorrosion, a olosod system was adoptod. 
In this arrangement approximately five gallons of -water con- 
taining a oorroBion inhibitor were circulated by tho pump 
through tho jacket and through a heat oxb hangar which was 
ooolod by oity water. 
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Lubrication 

Lubricating oil ms supplied under pressure to tho ongino 
by means of a separately driven goar pump. The relatively 
large amount of oil bypassed by a relief vulvo ms passed 
through a hoat exchanger and rotumod to the oil supply tank. 
Regulation of tho oil supply temperature ms obtained by con- 
trol of steam and water admitted to tho hoat oxohonger. nil 
was oollooted in the engine sump and roturr.ed to the supply 
tank by a separately drivon gear pump. 


MEASURING INSTRUMENTS 


Load was provided by an eddy-ourront dynamometer. Torque 
yiqg measured by means of a manomotor oonnuotod to a oylindor 
having a hydraulically balanotd piston attached to tho dyna- 
mometor am. Speod was dotermined by a mechanical tachometer 
in conjunction with a strobotao operating from a 60-cyclo 
altemating-ourront lino and illuminating stripes painted on 
the flywheel. 

Air flow was moasured by a sharp-odgod orifice installed 
in a S-inoh pipe lino in accordance with tho A.S.M.E. Fluid 
Meters Committee Report (reference 4). 

Air tomp&raturos were measured with mercury-in-glass 
thermomotors or iron-oonstc-ntan thermocouples in con junction 
with a potentiometer and sensitive galvanometer. All other 
tomporaturos wero measured with vapor pressure thermometers. 

Fuol flow was moasured by a oalibratod rotameter. 

Atmosphorio pressure was moasurod with a moroury barometerj 
inlot pressure was moasurod in the vaporizing tank with a moroury 
raanonetori and exhaust pressure was moasured in the exiiauct surge 
tank by the same means. 

Spark advance was moasured with a neon light, rovolving 
with the crankshaft adjaoent to a static.’iury protractor. Tho 
spark disoharge excitod a bright flash in the lamp, whloh was 
shiolded to make tho flash appear as a thin red lino. 
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Dotonation was measured with a Sperry vibitat ion- typo 
pickup designed for this purpose. It was mountod on the 
dylindcr head near the inlet port. This imit was_p onnooted 
to the- Y-axis input of a DuMont type 208 oscillograph. When 
dotonation ooourred, typioal "splashes” of high frequency 
vibration patterns oould be observed on tho osoillograph 
screen. Those splashes increased rapidly in amplitude and 
ooourrod mcro often as detonation lntonsity increased. It 
was not difficult for on oxperlonood obsorvor to duplicate 
measurements made by this method. 

Both heavy spring and. light spring indicator cards wero 
takon with tho M.I.T. balnnood prossure diaphragm indicator 
unit. 


PROCEDURE 


Enoh of tho threo crankshafts wus installed in tho ongino 
in succoscion. With oaoh installation air capacity tests were 
run at piston spoods varying from 1360 to 3160 foot por minute 
in 300-foct-per-minuto incromonts, with tlio exception that tho 
short stroke was rim only to 2660 foot per minute sinoo tho 
oddy current dynamometer was unsuitable for spoods in oxdofs 
of 3600 rpm. Spark advance was varied to obtain best power in 
all oasos. Tho quantities held constant aro listed in tablo 1, 


TABLE 1 


Inlot mixture tomperaturo, °F 120 

Vaporizing tank pressure, in, Hg ahs 27.4 

Fuol-air ratio 0.075 

Oil inlot tomperaturo, °F 160 

Jaokot wator outlet tomporaturo, °F. 180 

Exhaust surgo tank prossure, in. Hg abs 51.4 

Valve timing: Inlet opens, dog B.T.C 20 

Inlot closes, deg A.B.C. 66 

Exhaust opons, deg B.B.C. ........ 64 

Exhaust oloses, dog A.T.C 20 


Additional tests wero made with oaoh stroke at a oonstant 
piston speed of 2400 foot per mlnuto over a range of inlet press- 
ures obtainod by means of a soparatoly driven supercharger. 
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During the so runs determinations of tho detonation-limited 
porformanoo ware made by setting tho inlot pressure at various 
values in small lnoremonts and varying the spark advance to 
obtain inoiplont detonation, Tho quantities held oonstant 
during tho so tosts appoar in table 2, 


TABLE 2 


Piston spood, ft /min 2400 

Fuel-air ratio 0.075 

Oil inlot temperature, °F 150 

Jacket water outlet temperature, °F 180 


E^dmust surge tan?/: pressure, in, Ilg ubs 31.4 

Fuel aviation 87-octane 

Valva timing: Sao table 1. 


RESULTS AND DISCUSSION 


Tho results of tho iirroetigation are incorporated in figures 
2 to 9. 

Figure 2 shows clearly tnut tho air capacity of tho ongino 
tested is very dofinitoly a function of tho piston spood, and 
that changing tho stroke of tho engine doos not ohango this func- 
tion. In othor words, at any particular value of pictor. speed 
tho air capacity is independent of stroke. Tho voluir.otrio effi- 
oianay of the ungino ever the piston spoed range is represented 
by a single curve fo? all strokes as shown in figure 3. Figuro 4 
shows further that air capaoity at .constant piston speed is in- 
dependent of stroke over a wido rango of inlet prossurus. 

Figuro 6 indicates the oxtent to v/hich the spark must bo 
retarded in order to prevent detonation &3 tho inlot prossuro 
is increased. Tho curves .represent tho hordorlino of dotonation 
for each stroko. From any point on any of the tliroo curves, tho 
region above tho lino is a region of dotonation, while below tho 
ourvo thoro will be no dotonatioxi. Thoso curves might be changed 
considerably if operating c^ndltiona or the fuel should bo chongod 
but it is unlikely that thoir rolativo positions would bo rover sod 
Tho fact that detonation occurs at higher inlet pressures as tho 
stroko is shortonod may bo duo to oithor ov both of tho following 
two fact or o: 
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( 1) InoroaBod flamo speed . - Flamo spoods are known to be 
rolatocT "olosoly to the dogroe of turbulonoo existing within tho 
cylinder at the time of combustion. In the present tests the 
average gas volooity through the inlet valve is thb same for 
all strokes at the samo piston speod, since air oapuoity is 
unaffootod by stroke. It would bo roasonablo, theref oro , to 
oxpoot tho samo dogroo of turbulonoo to bo produced during the 
Intake, process for eaoh of tho throo strokes, at constant pis- 
ton speed. It is posslblo, howovur, that with tho highor 
revolutions ppr ' minu te associated with thb shorter stroke, at 
oonstant piston spood, the turbulonoo oroatod has loss time to 
dooay beforo oombustion is oomplotod, thus giving an inaroasod 
flame speed with tho shorter stroke. An increase in flamo speed 
will give a greater tiro rate of prossuro rise during oombustion. 
It was demonstrated in referonco 6 that increasing the tine rato 
of compression allowed highor prossuros and temporaturos to be 
roaohod boforo detonation. 

» 

The indicator oards wore examined for ovidonoo of difforonoes 
in rato of pressure rise for tho threo strokes, but it was found 
tliat wido variations in the oombustion line from cycle to oyolo 
made it impossiblo to detormino aoouratoly tho rato of pressure 
riso. 


(2) Smallor combust! on ohmnbor . - With, dooroasing strolzo 
tho oombustion ohS^r tebomos smaller in volumo and slightly 
more compact if tho oomprossion ratio is held constant. This 
differenoo might bo expected to reduoo tho tendency toward deto- 
nation, sinoo it is woll rcoognisod that, other conditions being 
tho samo, reducing the maximum distance for flamo travel reducus 
the tondoncy to detonate. However, tho ohnnges in combustion 
ohambor volumo wore aooomplished with only a very small ohango 
in mcxlmum distance for flamo travol. 

A single straight line passing through tho origin in figure 
6 represents a good correlation of indicated horsepower against 
air’oapooity for all strokes with tho oxnoption of threo points 
takon for tho 6.25-inoh stroko. Tho indicator diagrams oorre*. 
spending to those threo points diffor from tho others. Waximun 
pressure appears nearor top oenter and the pressures moasurod 
during oxpansion aro lowor. The difforoncos are such as might 
havo boon oaused by a phase shift between tho top oontor line 
and tho moasurod prossuro. Those throo indicated horsopower 
dotorminations, thereforo, are beliovod to be in.orror. Disre- 
garding the so throe points, tho data indicate that thoro aro no 
significant difforonoes in lndioatod liorsoporrer for tho different 
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strokos ovor the range of air oapaoitios oororod, Thoso results 
load to tho oonolusion that the combustion efficiency is unaffoo- 
tod by the ohanges in piston stroke oavored by this investigation. 

Tho brake moan offootive prossuro ourves shown in figuro 7 
rovoal progrossivoly lowor values as tho stroke is shortenod for 
any particular piston spood. Tho pumping moan offootivo prossuro, 
also shown in figuro 7, rovoals no variation in pumping losses 
for tho throe strokos. The difforonoos in brake moan cffcotivo 
prossuro therofore aro attribirtod to difforonoos in mechanical 
friction with the throo strokos. In ordor to maintain a con- 
stant piston spood as the stroke is made shortor, it is neoos- 
sary to oporato tho ongine at higher rovolutions per minute. 

Sinoo tho main journal and tho orankpin boaring dimensions wnro 
tho saiKJ for all threo strokos, tho higlior rovolutions per 
minute assooiatod with tho shortor stroko gives a highor boaring 
friotion loss. Thus the brake mean offootivo prossuro for any 
piston spood is lowost for tho 4,26-inch stroke and highest for 
tho 6.25-inoh stroko. 

Values of journal and orankpin boaring friotion moan effeo- 
tivo prossuro havo boon calculated by Potroff’s oquation 
(appondix 1), assuming oil-film tomporaturcs of 160°, 190°, and 
220° F. Tho results arc presented in tablo 3. Thoso values 
aro only approximations of tho actual boaring friotion, as tho 
offocts of bearing oocontrioity and distortion are not included 
in Petr off ’ s oquation. 

Tho oalculatod journal and orankpin friction moan effoc- 
tivo prossuro values for 160° and 220° F assumed oil-film tom- 
poraturos have boon plottod in figuro 8 for tho throe strokos. 

Adjusted brake moan effective prossuro ourvos, obtainod 
by adding calculated journal and orankpin boaring friotion 
moan offootivo prossuro to brako moan offoctivo prossuro values 
for corresponding piston speeds, aro also shown in figuro 8. 

Two familios of adjustod brako mean offootivo pressure ourvos 
aro obtainod, ono basod on 160° F and tho othor on 220° F 
assumed oil-film temperature in tho boaring. 

If tho aotual oil-film tomporaturo is near 160° F, than 
tho good correlation of tho adjustod brake moan offootivo 
prossuro ourvos of figure 8 for this tomporaturo indicates 
that the difforonoos notod botwoon brako mean offoctivo pross- 
uro ourvos for tho throo strokos at a given piston spood 
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(fig. 7) oan bo aocountod for by tho differences iii journal and 
oronicpin boaring friction moon offootive prossuro for tho throo 
strokoB. However, if tho actual boaring oil-film t.ompcraturq 
is-noar or above 220° F,' the adjustod "brake moan offeotivo press- 
ure outvob of figure 8 show that differenoos in journal and o rank- 
pin boaring friotlon moan offootive prossure will acoount for 
only part of tho difforonoos in brake mean offeotive prossuro 
outvob for tho three strokes. 

If distortion of the oounooting rod affooted the orankpin 
friotlon, the friction would tond to bo groator with tho short 
stroko at a glvon piston spood, due to tho highar inart ia forces • 
This faotor may aooount for difforonoos not covered by tho oal- 
oulations based on Potroff's equation. 

Tho difforonoos in brako moan offoctivo prossuro for tho 
throo strokes aro shown in figuro 9 to bo substantially the sano 
ovor a wido rango of inlet prossuros when operating at a constant 
piston spood. This faot gives furthor confirmation of tho theory 
that tho diffcronccs in bruko output aro duo to differences in 
moohanioc.1 friction. 

If this result is applied to. a multioylindcr ongino, it 
must bo romomborod that there aro fowor crankshaft journals por 
cylinder than in a s ingle -cylinder ongino. Consequently tho 
mechanical officlency is higher and tho ohanges in journal fric- 
tion caused by ohangos in rovolutionr. per minuto vd.ll roprosont 
a smaller fraotion of tho powor output. 


CONCLUSIONS 


Tho following conclusions scorn justified by this invoeti- 
gationt 

1. Tho air oapaoity and volumotrio offioioncy of tho 
ongino aro indopondont of tho stroko for any particular piston 
spood and any partioular inlot prossuro within tho ranges covered. 

2. With the particular oylindor and oporating conditions 
used and at one piston spood tho engino oan bo moro highly 
suporohargod without detonation as tho stroko is Bhortonod. 
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S. The ratio of indioated horsepower to air oapaoity 
shows no significant variation with ohango in stroke ovor a 
wido range of air oapaoities. 

4. Values of broke irtoan offootivo pressure aro progress- 
ively lower for shortor strokes when operating at constant 
inlot prosnuro and varying piston speod and also when operat- 
ing at constant piston spoed and varying inlot prossuro. 
Calculations indioato that tho differences in brako moon 
offoctive prossuro for tho throo strokos are largoly aocountod 
for by the difforenoos in journal and orankpin friotion noon 
offootivo prossuro. 

5. No difforenoos in pumping losses at tho somo piston 
spood for tho threo strokes -.voru notod ovor a i/ido range of 
piston spoeds. 


CONCLUDING RELARKS 


Although not the subject of this report, it may ho well 
to noto hero some basic moohnnioal problems ’./hioh arise as 
tho stroke is decreased at a given piston speed. 

If an ongino with a short stroke is run at tho same 
piston spoed as one with tho same boro but a long stroke, tho 
ratio of tho accelerations of tho piston and connecting rod 
in the two ongincs will be iitvorsoly proportional to the stroke. 
Thus in this particular case, th^ relative accelerations of tho 
piston aro shown in tho following tabulation: 


I!ax. acceleration 
of piston 



Piston speod 

Rpm 

Idax. acceleration 

Stroke 

Piston spoud with 

Rpm with TT.TjTj^ 

of piston with 

(in.) 

6,25-in. stroke 

in. stroke 

6.26-in. stroke 

4.25 

1.00 

1.47 

1.47 

5.25 

1.00 

1.19 

1.19 

6.25 

1.00 

1.00 

1.00 


Sinoo tho pistons aro identical, tho inertia forces on tho 
piston with tho short stroke aro 1.47 tines tho inertia foroes 
with tho long stroke at the same piston speed. This computa- 
tion points out ono of tho basic probloms of tho short- stroke 
ongino. 
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Slnoo. the vulvo meohaniam Is idontioal for the long- and 
short- stroke engines, tho inortia foroos hero would bo pro- 
portional to (rpm)° or 7 1 yj Conssquontly, tho valve 

\yfftroloB / 

of tho short-stroke enginu would' ' havo 2.16 times tho accelera- 
tion of tho valvo of tho long- stroke ongino at the same piston 
spood, and would prosont a more difficult design problom for a 
short- stroke engine, Prosont aircraft engines, whoro tho stroko- 
boro ratio is unity or moro, gonorally oporato noar thoir valvo- 
goar spood limit at tako-off . It may. bo noted hero that difficulty 
was oxporianood with tho valvu goar of tho ongino use 1 in theso 
tosts. A spooial spring was necessary in order to insuro that 
tho valvo followed tho oam above 3300 rpm. Uhon tho spood of a 
valvo gear of given Bize Is incroasod, tho problom of avoiding 
critical Bpring vibration becomes moro difficult. Valve mooh- 
anismG which do not roly on spring return, such as tho slecvo 
valvo, may bo a possible way out of this difficulty. 

For tho same propeller revolutions pur minute and tho 
samo power output, short- stroke ongino s roquiro a larger 
propollor-roduot ion-gear ratio. 

Another diffioulty which may bo associated with tho opera- 
tion of short-stroke onginos at high piston spood is proignition. 
During tho courso of tho tosts described in tho prosont report, 
sovoro proignition vns onoouatorod at high output ( supercharged) 
whon tho ongino was run with tho short stroko. The "coldest" 
standard airoraft spark plug was found unsatisfactory under 
tho combination of high inlot proesuro and high revolutions nor 
minuto. A spooial spark plug (Champion RJ-24) eliminated tho 
trouble. Tho probablo roason for preignition with tho short 
stroko, but not with tho longer strokes, lios in tho fact that 
at a givon piston spood tho revolutions per minuto for tho short 
stroko is groater. High revolutions per minute ro suits in moro 
froquont "scrubbing” of hot gasos in and out of tho spark plug 
cavity \7ith rosultant inoroasod rato of heat transfor to tho 
spark plug oloctrodos. 

Massaohusotts Institute of Toohnology, 

Cambridge, Mass., May 24, 1944. 
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In noting tho progressively lowor vnluos of brako moan 
offootivo pros euro with shortor stroko at a constant piston 
spcod, figuro 7, it was realizod that suoh a trend could bo 
oausod by an inoroaso in tho meolianioal friction lossos in 
tho main journal and orankpin boaring3 duo to the hdghor 
ongino revolutions por minuta roquirod Tilth tho shortor 
stroko s in maintaining constant piston speed. It ms deoided, 
thoroforo, to oaloulato the friotion in tho main journal and 
cronkpin bearings. 

Tho friotion lossos in tho bearings were oaloulntod by 
moans of Potroff f s oquatian for fluid friotion. This equa- 
tion is based on the assumption that thoro is a complete film 
of lubricant betv/oon the journal and bearing and that tho 
boaring loading does not cause any ooc<.ntrioity. Uo informa- 
tion VW.E availablo on the tomporaturo distribution in tho oil 
film. Eased on tho fact tliat the entering oil tenperaturo was 
150° F, the bearing friction was oaloulntod for assumed oil 
film tenporaturos of 1G0°, 190°, and 220° F. Tho bearing 
oloaranoos wore not known vory procisoly, but waro taken as 
tho minimum probable values basod on tho measurements avail- 
ablo in ordor to givo maximum probable friotion lossos. 

From Potroff’s oquation, 

— 13 2 T 3 

friction horsepower = 3.75 X 10 |J. H i. D 

C 

whero 

(J. viscosity, oontipoisos 

N revolutions por minute 

L longth of boaring, inches 

D diamotcr of boaring, inches 

C diametral clearance of bearings, inches 

This oquation was converted to friction moon cffcotivo pressuro 
on the basis of tho 5,25-inoh piston diameter as fellows: 
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friction mean effective preeeure c 8.22 X 1CT* B lL r ft- ii jj 3 

e a C 

whore 

S ' ’ pintan spood, foot per miputo 
s piston strike, inches 

' The friction neon effootivo pressure was calculated for the 
two- main journal bearings and tho one orankpin bearing for the 
following values of -dimensions and operating variables: 


L # inohos 
D, inchos 
C, inohos 

ll, centipeisoB 


Calculated values of 'the friction moan effoctive pressure 
for oaoh of the threo stroke o over tho piston speed ran go of 
tho investigation aro listed in table 3. 

Calculations thon war a made to determine the eccentricity 
of the bearings and tho influence of tho eccentricity on tho 
power losses. The calculations wore made for tho maximum gas 
pressure loading and for the maximum inertia force loadings 
on tho bearings using tho method of A. E. Norton. 
"Lubrication." ohaptor VII. The so calculations showed that 
the magnitude of tho error introduood by negleotlng oooontrio- 
ity ef tho bearings was considerably loss than the deviations 
introduood by not knowing tho emot oil film temperature. 
Consequently, it ;ms dooided to make no correction for eccen- 
tricity. In using tho friction moan offootivo pressuro to 
obtain values of adjusted brako moan offootive pressure 
(fig. 8) , the calculations for 160° F oil film tomporaturo 
woro usod in order to establish a probable upper limit to 
tho values of friction mean effootivo prossuro f 


Main journal 
boaring 

3.60 

3.25 

0.000 


Crankpin 

boaring 

2.376 

2.876 

0.005 


57.6 at 160° F 
31.5 at 190° F 
19.0 at 220 & F 
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For 160° P 
oil film tOmporature 
foap (lb/in. a ) 


PI Eton spoed, S s x * 4,25 In* b b s 6 »25 In. s 3 * 6,26 In, 
(ft/mln) _________________ __ 


1350 

14.6 

. 9.6 

6.6 

1650 

17.9 

11.7 

8.3 

1950 

21.1 

13.8 

9.8 

2250 

24.4 

15.9 

11.3 

2650 

27.6 

18.1 

12.8 

2850 

30.8 

20,2 

14,3 

3160 

34.1 

22.3 

15,8 



For 190° F 




ell film tomporaturo 
fnep (lb/in. ) 


Piston spood, 8 

8x » 4.26 

in. a e « 5,25 In. B 

** 6.26 in 

(ft/mln) 


3 


1360 

0,0 

6.2 

3.7 

1650 

9.8 

6.4 

4.5 

1950 

11.6 

7.6 

6.3 

2250 

13.3 

8.7 

6.2 

2550 

15.1 

9.9 

7.0 

2850 

16.9 

11.1 

7,8 

3160 

18.7 

12.2 

8.6 



Far 220° F 




oil film tomporaturo 
fmop (lb/ln. a ) 


Piston speed, S 

B = 4.26 

in. B » 5.25 in. » 

a 6.25 in 

(ft/min) 

l 

8 a 


1350 

4.8 

3.2 

2.2 

1650 

5.9 

3.9 

2.7 

1950 

7.0 

4.6 

3.2 

2250 

8.0 

6.3 

3.7 

2550 

9.1 

6,0 

4.2 

2850 

10.2 

6.7 

4.7 

3150 

11.3 

7.4 

6.2 



NACA ARR Ho* 4E24 


17 




1. Livongood, James C.* and fftanitz, John D.* The Effect of 
Inlot-Valvo Design* Size, and Lift on tho Air Capaoity 
and Output of a Four-Stroke Engine* NACA TIT No* 916* 
1945. 

2* Waldron* C. D.i Intermittent-Flow Coefficients of a 
Poppet Valve. NACA TN No. 701, 1959. 

* 

5. Reynolds* Blake* Soheoter, Harry* and Taylor* E. S.t The 
Charging Process in a High-Speed* Single -Cylinder, 
Four-Stroke Engine. NACA TN No. 675* 1959. 

4. Speoial Rosooroh Committee on Fluid Uetorsi Fluid Ifoters* 

Their Thoory and Application. Pt. 1* A.8.M.E., 4th 

ed. (New York) * 1937. 

» 

5. Leary* W. A., and Taylor* E. S.i The Significance of tho 

Time Concept in Engine Detonation. NACA ARR, Jan. 1943. 



ORIFICE 



FIG. I 


DIAGRAMATIC SKETCH OF ENGINE SET-UP 


H 


NACA ARR No. 4E24 Fig 




NACA AER No. 4E24 


Fig. 2 



PISTON SPEED - FT/MIN 


FIG. 2 — THE EFFECT OF CHANGING STROKE ON AIR CAPACITY 
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FIG. 3 — VOLUMETRIC EFFICIENCY FOR ALL STROKES 
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CURVES OF CONSTANT DETONATION FOR THREE STROKES 




INDICATED HONK POWER 
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Fig. 7 



FIG. 7 THE EFFECT OF CHANGING STROKE ON BRAKE M.E.P. AND PUMPING M.E.P. 


FOR VARIOUS PISTON SPEEDS 
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Fig. 8 



FIG. • ADJUSTMENT OF BRAKE M.E.P. CURVES OF FIS. 7 

FOR CALCULATED JOURNAL AND CRANKRIN BEARING FRICTION 





FOR VARIOUS INLET PRESSURES 
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